The majority of tumours are retrococcygeal ( Figure lA) . Those that contain a precoccygeal component (B) or are entirely intrapelvic (C) contain a progressively higher incidence of malignant tissue and often present later in the toddler age group (18-24 months) with bowel, bladder or lower limb symptoms, About ten per cent have a sacral anomaly or myelomeningocoele. ' CASE REPORT This baby was born at 36 weeks gestation by urgent caesarian section for fetal distress. A huge sacrococcygeal tumour had been diagnosed previously on ultrasound during the investigation of polyhydramnios, Birth weight was 3, I kg. Soon after birth she was transferred to the Royal Children's Hospital, Melbourne. She was in a stable condition requiring no supplementary oxygen, and commen.:ed breastmilk feeds within 24 hours of arrivaL The sacrococcygeal tumour was intact with no ulceration.
Over the subsequent ten days she remained stable, although her weight dropped to 2.8 kg. Investigations over this time included abdominal, renal and cerebral ultrasounds, angiography via an umbilical arterial line to determine the tumour blood supply, barium enema and echocardiogram. The tumour was solid with intrapelvic extension to the level of the second sacral vertebra displacing the rectum, uterus and vagina anteriorly. The major vessel to the tumour was the median sacral artery with numerous feeding vessels. Other investigations were normaL There was no myelomeningocoele and the lower limb neurological examination was normaL There was no evidence of high output cardiac failure.
At ten days of age resection of the tumour was performed. This involved a 6'h hour operation. Anaesthesia was induced with 20 Ilg/kg of fentanyl and pancuronium 0.2 mg/kg. Maintenance of anaesthesia was with air, oxygen (30%) and isoflurane 0.5-1.0%. Two peripheral intravenous lines were inserted for maintenance fluid and volume replacement. A right internal jugular central venous line was inserted using a 3 Fr Cook catheter. Arterial blood pressure was monitored continuously via a 22 gauge Medicut brachial artery line. Other monitoring included pulse oximetry, end-tidal C02 capnography and nasopharyngeal temperature.
Controlled hypotension was used to limit blood loss. The baby was also haemodiluted and hypothermia was induced to provide added safety. The patient's temperature was decreased to 32·C by exposure and ice-pack surface cooling. This was maintained until tumour resection was completed and then slow rewarming commenced using a heating blanket, warmed, humidified gases and warming all intravenous and irrigation fluids. First a laparotomy was performed. The median sacral artery was ligated and the pelvic tumour was dissected from the sacrum and surrounding pelvic structures. The nervi erigentes were identified by a nerve stimulator with cystometrography and preserved. The patient was then turned prone and the tumour excised from the buttocks and the coccyx removed. All blood losses were measured.
After induction the patient's mean arterial pressure (MAP) was 55 mmHg. A bolus of 0.5 mglkg of phenoxybenzamine was used to reduce the MAP and facilitate cooling by peripheral vasodilatation. Isoflurane 0.5-1.0% was used throughout tumour resection to maintain a MAP of 40 mmHg.
Total blood loss measured was 80 ml (almost 30 mllkg). The initial haemoglobin was 17 g/IOO ml. Maintenance fluid of 10% dextrose was continued at 10 mllhr. Blood loss was replaced initially with Hartmann's solution and then with stable plasma protein solution. The CVP was maintained between 8-10 mmHg throughout the operation. Crystalloid and colloid were replaced according to blood loss, CVP and estimated third space losses of 5 ml/kg/hr.
Haemodilution was used in association with deliberate hypothermia. The haemoglobin had decreased to 10.1 g/100 ml by the time the tumour was resected.
At completion of surgery the patient's temperature had reached 34·C and the haemoglobin 13.5 g/IOO ml after transfusion. Neuromuscular blockade was reversed but the baby was left intubated and mechanically ventilated postoperatively until she became normothermic. Analgesia was provided with a morphine infusion at 20 ~g/kg/hr. The patient was successfully extubated 36 hours after surgery and her subsequent course was uncomplicated. She was discharged from hospital two weeks later.
DISCUSSION AND HOSPITAL CASE REVIEW
From 1970 through 1991 a total of 32 cases of sacrococcygeal teratoma presented to the Royal Children's Hospital, Melbourne. This information was obtained from a review of medical record discharge diagnoses as well as from radiology records over this time.
The age at operations and nature of the tumour (benign or malignant) is shown in Figure 2 .
Twenty-four benign tumours presented as a conspicuous mass, twenty-one during the neonatal period including two preterm babies ( Figure 2 to the large size of the teratoma and another had a spontaneous partial amputation of the tumour during vaginal delivery. The two older children were aged two and fourteen years. There were eight malignant tumours (25%), seven of these occurring during the toddler age group (18 to 24 months) with symptoms of urinary dribbling, bowel incontinence or gait disturbances.
There were four associated myelomeningocoeles, three obvious and one found incidentally during resection. Three of these infants underwent combined neurosurgical and general surgical procedures and one was managed conservatively.
Blood loss was usually related to the size of the tumour. Six patients with small retrococcygeal tumours did not require blood transfusion while six lost more than 20 mllkg. Three of these with intrapelvic tumours lost more than 60 mllkg. There was one death due to uncontrollable haemorrhage in a baby born by caesarean section with an 18 X 14 X 12 cm tumour extending to the level of the fifth lumbar vertebra.
Large sacrococcygeal teratomas are frequently ulcerated and may lead to considerable blood and fluid loss from continual ooze preoperatively, and these deficits must also be replaced. Three neonates were admitted to the intensive care unit preoperatively, for cardiovascular stabilisation, fluid resuscitation and insertion of intra-arterial and central venous cannulae.
The tumours in our series ranged in size from small (2 cm in diameter) to those variously described as 'huge' or 'giant'. In one 35-week premature infant, the tumour exceeded the patient's weight with a 'huge' tumour entering into the pelvis. This baby weighed 4.4 kg preoperatively and only 1.7 kg postoperatively.
Both size and site of tumour influenced the duration of surgery -usually one to three hours, but considerably longer with intrapelvic tumours, especially when a combined neurosurgical/general surgical operation was performed.
Associated abnormalities in these infants included coarctation of the aorta and ventricular septal defect in one patient and another who also developed pyloric stenosis.
One premature infant (31 weeks gestation) who had partial amputation of the tumour during vaginal delivery developed respiratory distress syndrome, apnoeic spells and neurological signs. This patient was not treated surgically.
Twenty-five to thirty per cent of sacrococcygeal teratomas have a malignant component. These are more common in children who are older when they present. A raised alpha fetoprotein level is used as a marker for malignancy, particularly for embryonal cell carcinoma while elevated beta human chorionic gonadotrophin levels reflect the presence of choriocarcinoma. These tests can be used in older patients preoperatively to determine the presence of malignancy and postoperatively to follow up for complete removal or recurrence. Large malignant tumours presenting in older children are usually needle-biopsied and treated with chemotherapy -mainly cis platinum -to shrink them before surgery.
Many of the neonates in our series were operated upon as soon as possible after birth. However, there are advantages in delaying a few days provided the tumour is not ulcerating, especially when there is intrapelvic extension, to allow planning of all aspects of the procedure.
Anaesthetic considerations
In addition to the usual requirements of neonatal anaesthesia, specific considerations in these patients include those of blood and fluid loss, posture and temperature control. The patient must be fully monitored and have at least one, if not two, intravenous infusions running through which warmed fluid and blood can be rapidly infused.
The major cause of intraoperative morbidity for these infants is excessive blood loss, which appears directly related to the size of the tumour and tends to be greater with intrapelvic tumours. Blood loss should be estimated by weighing packs and swabs and measuring suction loss. Periodic haemoglobin and haematocrit measurements are also helpful. Cross-matched blood and a means for warming it should be available in the operating theatre. Fresh frozen plasma and platelets should be available for the larger tumours.
When difficult intrapelvic operations are undertaken, good surgical access is necessary, and the surgeon can take steps such as placing slings around the major arteries (e.g. iliac arteries and median sacral artery) so that if major haemorrhage is occurring or appears likely, the blood supply to the area can be reduced by occluding the arteries. Bipolar diathermy should be used during dissection because it stops the bleeding with little surrounding tissue damage. Damage to nerves such as those controlling the bladder and rectum can be reduced by locating them with a nerve stimulator.
Induced hypotension can be used even in infants provided the anaesthetist has experience of the technique. The blood pressure can reasonably be reduced to 70% of the infant's preoperative level. This can be achieved by an increased concentration of isoflurane or by the infusion of a vasodilator such as sodium nitroprusside. Phenoxybenzamine, as described in the case history, is a longer-acting vasodilator and hypotensive drug. The use of drugs such as d-tubocurarine also contribute to a reduction in blood pressure. Adequate blood pressure monitoring, preferably intra-arterial, is essential, and extra intravenous fluids should be given to compensate for the increased capacitance of the circulation. Further reduction in blood pressure at the operative site is achieved by elevation of the pelvis. 2 Haemodilution can be achieved by filling the vascular volume with electrolyte or colloid solution when the patient is vasodilated. The haematocrit can safely be reduced to 25% to 30%.
Hypothermia with the body temperature reduced by surface cooling to 30-33°C will provide additional safety when a large intrapelvic tumour is being removed. 3 This, in combination with hypotension, will provide the best and safe~t operating conditions if significant blood loss IS expected. When hypothermia is induced, some vasodilatation is useful to promote faster cooling and rewarming. The most feared complication of hypothermia is dysrhythmia, but it will usually resolve with the administration of potassium chloride because the cause of such dysrhythmias is hypokalaemia. 4 This approach was used successfully for removal of the large intrapelvic tumour described in the case report where blood loss was still about 30 mllkg despite all the precautions that were taken.
Oesophageal or nasopharyngeal temperature should be monitored as it is not possible to use a rectal probe. If hypothermia is not induced, cooling easily occurs anyway, especially if part of the body is raised off the warming blanket. If the tumour is not large and normothermia is desired, an overhead heater during induction and warmed humidified gases during the anaesthetic should be used. The consequences of inadvertent cooling are vasoconstriction, prolonged effect of anaesthetic drugs and increased oxygen consumption postoperatively. Figure 3 .
The posture used for most of these operations is prone with the pelvis raised on a rolled towel. It must be placed so that it does not compress the abdomen and cause respiratory embarrassment. Alternatively the knee-chest position with a rolled towel placed vertically under the pubis symphysis to maintain the buttocks in an elevated position will provide good access (Figures 3 and 4) .
When the tumour extends from the perineum into the pelvis, both abdominal and perineal approaches may be necessary as in the case described and careful combined planning by the surgeon and anaesthetist is essential. The patient may be supine for the abdominal approach, with the pelvis raised so that the perineum can be easily exposed by abducting the legs when that part of the operation is reached, or the patient may be turned into the prone position when the abdominal part of the operation is complete.
At the conclusion of the operation residual neuromuscular block should be reversed, adequate analgesia should be provided, the baby should be rewarmed if hypothermic and additional oxygen should be given, but care should be taken not to administer too much to premature infants, to avoid the development of retinopathy of the newborn. After prolonged surgery, especially if accompanied by significant blood loss or hypothermia, the patient may benefit from a period of ventilatory support to allow physiological re-stabilisation.
The prognosis is excellent for neonates who have been operated on within the first week and for small lesions. Larger lesions, especially when intrapelvic, are associated with greater intraoperative blood loss and occasionally late bowel, bladder and lower limb dysfunction. Nerve damage can be minimised by the use of a nerve stimulator and cystometrography during the surgery. Children presenting later more frequently have malignant tumours.
